Summary. After 
Introduction
Precise endocrine conditions are required for the initiation and development of the decidual cell reaction (Psychoyos, 1973) . In mice, exposure for 3 days to a combination of progesterone and small amounts of oestradiol induces maximal sensitivity to a deciduogenic stimulus. In such 'sensitized' females, blastocysts or small amounts of oil readily induce a decidual-cell reaction (Finn, 1965; Humphrey, 1969) . Neither of these stimuli is effective in female mice treated with progesterone alone ('non-sensitized'), although the uteri do respond to more traumatic stimuli (Finn, 1965) . It is uncertain how the small amounts of oestradiol induce the condition of maximal sensitivity or what physiological differences exist between the sensitized and non-sensitized states (Finn, 1977) . The failure of non-sensitized uteri to respond to physiological (i.e. blastocysts) and non-traumatic (i.e. intraluminal oil) stimuli cannot be due to stromal inadequacy because the uteri are still capable of producing a decidual cell response to traumatic stimuli. Martin (1980) proposed that the difference between the uterine states may lie at the level of the luminal epithelium, with the epithelium of nonsensitized uteri being unable to transmit an adequate signal in response to the potential deciduogenic stimulus. The non-sensitized uterus is not entirely unresponsive to the potential deciduogenic stimulus of oil, however, as Milligan & Lytton (1983) observed a rapid rise in uterine PGF-oc concentrations after oil instillation. The significance of the early changes in prostaglandin (PG) concentrations after intrauterine oil instillation is uncertain, but changes in vascular permeability invariably precede the decidual cell reaction and PGs have been strongly implicated as mediators in both decidual and vascular responses (Kennedy, 1984) . Therefore (Finn & Martin, 1972) , or (ii) progesterone (1 mg) alone (producing a state in which the potential deciduogenic stimuli of oil or the blastocyst are ineffective). The steroids were given daily at 10:00 h for 3 days. From Day 9 onwards, females received 1 mg progesterone daily.
Intrauterine injection of oil into one uterine horn and/or manipulation of the control horn were performed at 13 :00 h on Day 8. Intraluminal injection of 10 µ oil was made through a 25-gauge needle at the anterior tip of the uterine horn using ether or intraperitoneal tribromoethanol anaesthesia. After instillation, the oil is distributed throughout the injected horn but rarely crosses to the contralateral horn (Martin & Finn, 1979) . Control uterine horns were not injected but were otherwise subjected to the same handling procedure as the injected horns.
Estimation of vascular permeability. A quantitative estimate of the permeability of capillaries to large molecules was obtained from the leakage of radiolabelled albumin from the circulation (Arvidson, 1977) . Tissue blood volume was estimated from the content of radiolabelled red cells. Isotopes were obtained from Amersham International Ltd (U.K.).
Using ether or tribromoethanol anaesthesia, the external jugular was exposed. The vein was injected with 1 pCi 125I-labelled human serum albumin (HSA) and 4 pCi 51Cr-labelled mouse red blood cells in a volume of 0-1 ml. The red cells were labelled according to the method of Bitton, Vassent & Psychoyos (1965) (Bill, 1964 (Bill, , 1968 . No µ arachis oil or saline and the control horn was sham injected. Uterine vascular permeability was determined at 21:00 h. All tracers were injected using ether anaesthesia. Experiment 3. Ovariectomized females primed with oestradiol were treated on Days 6 and 7 with progesterone alone or with progesterone plus oestradiol. Uterine vascular permeability was determined at 10:00 h on Day 8, using brief ether anaesthesia to inject the tracers. Additional females from both groups were given further steroid treatment (half treated with progesterone alone and half with progesterone plus oestradiol) at 10:00 h. Uterine vascular permeability was determined at 13:00 h using tribromoethanol or brief ether anaesthesia to inject the tracers (see Table 2 , Exp. 3a). (Li, 1957) shown), 7-9 observations at each point. *P < 0-05, **P < 0-01, ***P < 0-001, compared with controls.
instillation, occurred in non-sensitized uteri (Text- fig. 2a ). In the sensitized and non-sensitized animals, the instillation of oil into one uterine horn induced a significant increase in the extravascular accumulation of 125I-labelled HSA compared to the control horn (Text-figs lb & 2b).
In the oil-instilled horns of oestradiol-sensitized mice, the extravascular albumin volume increased slightly after oil injection and remained high for the rest of the observation period. The distinction between the instilled and control horns became evident largely through the decline in uterine extravascular albumin volume in the latter. In non-sensitized uteri, although a small, transient rise in the extravascular albumin volume of control horns occurred, a much greater increase occurred in the oil-instilled horns. It rose rapidly to peak at 21:00 h on Day 8 but then fell sharply. In the control horns of oestradiol-sensitized mice, the extravascular albumin volume was significantly higher than in non-sensitized uteri at 15:00, 17:00 and 21:00 h on Day 8 (P < 0-01, < 0-02 and < 0-02, respectively). None (6) a95±17 (6) c81 ± 5-4 (5) "94 ± 9-3 (6) 84 ±14 (6) "149 ±11 (6) 50 ± 4-9 (6) 47 ± 3-3 (6) 49 ± 1-8 (6) 43 ±2-1 (6) M20±12 (6) d64 ± 4-5 (6) f119±10(6) e90 ± 10 (6) 78 ±6-4 (6) c119±12 (6) 85 ±12 (6) 75 ± 5-1 (6) 101 (65-0 ± 3-6 (n = 13) compared with 45-2 ± 1-7 (n = 12) µ /g, t = 4-7, < 0-001). The treatment of either group of females with progesterone plus oestradiol at 10:00 h (Treatments 4 and 6), but not progesterone alone (Treatments 2 and 8) significantly increased the uterine extravascular albumin volume at 13:00 h. The uterine values at 13:00 h were higher when tribromoethanol anaesthesia rather than ether was used to administer the tracers (Treatments 3 and 7), although this effect was only statistically significant for the mice treated with progesterone plus oestradiol. This effect of tribromoethanol in increasing uterine extravascular albumin volume was also apparent in Exp. 3b. There was no significant difference between uterine values determined using the indwelling cannulae (Treatment 9) or brief ether anaesthesia (Treatment 10) to administer the tracers. However, extravascular albumin volumes determined using tribromoeth¬ anol anaesthesia (Treatment 11) were significantly higher. There were no significant effects of oestradiol or anaesthetic on the extravascular albumin volume of the diaphragm. Exp. 3b: Treatment 11 9 and 10, < 001. (Table 3 ). All implantations were ipsilateral to the remaining ovary. The appearance of visible implantation sites was associated with an increase in uterine extravascular albumin volume although the difference between the uterine horns with implantation sites and those without only became significant at 24:00 h. In the absence of visible implantation sites, there was no detectable increase in extravascular albumin volume in the uterine horn ipsilateral to the remaining ovary.
Discussion
Small amounts of oestradiol in addition to progesterone are required for the full development of the decidual response in the mouse after intraluminal oil instillation (Finn, 1965 (Finn, 1965) and previously it has been proposed that, in the absence of small amounts of oestradiol, the uterine epithelium may be simply unresponsive to the oil stimulus (Martin, 1980) . The changes observed in uterine PGs (Milligan & Lytton, 1983) and vascular permeability suggest that this is not the case. One possibility is that the signals mediating the vascular and decidual responses may be different from each other, and uteri which have not been sensitized by oestradiol may be unable to produce the appropriate signal for decidualization. Alternatively, if the epithelium can generate the appropriate signals, the failure of decidualization may reflect an insensitivity of the stromal cells to respond. In this connection, Kennedy, Martel & Psychoyos (1983) reported that oestradiol sensitization in rats does increase uterine endometrial binding sites for PGs. For either of these possibilities, more traumatic stimuli may induce a decidual cell response by changing the nature, strength or source of the signals involved.
Whether the early increases in PG levels that occur in the sensitized and non-sensitized uteri after oil instillation (Milligan & Lytton, 1983) are responsible for the vascular permeability changes is uncertain. Although the time courses of the vascular responses differ in the two states, neither correlates well with the rapid changes in PG levels (Milligan & Lytton, 1983) . However, indomethacin does inhibit the vascular responses to oil instillation in sensitized mice (Rankin, Ledford, Jonsson & Baggett, 1979; Buxton & Murdoch, 1982) . Various other signals have been implicated in the induction of the vascular and decidual responses in rats and mice, including cAMP and histamine (Brandon, 1980; Kennedy, 1984) . The role and interactions of these various potential signals in the sequence of vascular and stromal cell responses that together constitute the decidual cell reaction remain to be elucidated. Increased vascular permeability is normally intimately associated with decidualization (Psychoyos, 1973) and Sorger & Soderwall (1981) suggested that oedema may provide a signal for growth of the uterine tissues. It is clear from the present study that a marked increase in vascular permeability is not by itself sufficient to induce a decidual cell reaction in non-sensitized uteri. Increased vascular permeability may not be sufficient to induce decidualization even in oestradiol-sensitized uteri : Finn (1965) and Humphrey & Martin (1968) found that a wide range of mast cell, capillary permeability and inflammatory factors were ineffective in inducing a decidual cell reaction in pseudopregnant females. Whether the shorter duration of increased vascular permeability in the non-sensitized uteri is in any way a limiting factor to decidualization is unknown.
The time course and magnitude of the changes in uterine vascular permeability were dependent on the endocrine status, with the highest uterine extravascular albumin volumes in animals treated with progesterone plus oestradiol. The effect of oestradiol in increasing uterine extravascular albumin volume was particularly marked within a few hours of the oestradiol injection (Exps 2 & 3). This is consistent with the development of stromal oedema observed after oestradiol injection of progesterone-treated rats (Lundkvist, 1979) and mice (Martin, Hallowes, Finn & West, 1973) and the development of stromal oedema in the preimplantation period (McLaren, 1970; Lobel, Levy & Shelesnyak, 1967 (Finn, 1965) . In view of this, the intraluminal instillation of oil has been used extensively as a nontraumatic decidualizing stimulus in the belief that it mimics closely the stimulus and effects of the blastocyst (Finn, 1977) . The degree to which the oil stimulus does resemble the blastocyst, however, may need to be questioned. Oil instillation induces a marked vascular response in non-sensitized uteri, but there is no suggestion in the literature that such vascular changes occur in non-sensitized uteri in response to blastocysts (Enders & Given, 1977) . It may be that, as in the rat (Lundkvist & Nilsson, 1982) , oil instillation may represent a rather more traumatic stimulus than has previously been thought.
Increased extravascular accumulation of protein-bound ' 25I is a sensitive quantitative indicator of the increased uterine vascular permeability preceding the artificially induced decidual reaction (Bitton et ai, 1965; Milligan & Mirembe, 1984 
